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production by human malignant glioma cells: a model of glioblastoma 
multiforme pathophysiology. 

AU Goldman C K; Kim J; Wong W L; King V; Brock T; Gillespie G Y 

CS Brain Tumor Research Laboratories, Division of Neurosurgery, University 

of 

Alabama, Birmingham 35294-0006. 
NC T32NS07335 (NINDS) 
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LA English 
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AB Hypervascularity, focal necrosis, persistent cerebral edema, and rapid 
cellular proliferation are key histopathologic features of glioblastoma 
multiforme (GBM) , the most common and malignant of human brain tumors. By 
immunoperoxidase and immunofluorescence, we definitively have 

demonstrated 

the presence of vascular endothelial growth factor (VEGF) and epidermal 
growth factor receptor (EGFr) in five out of five human glioma 
cell lines (U-251MG, U-105MG, D-65MG, D-54MG, and CH-235MG) and in eight 
human GBM tumor surgical specimens. In vitro experiments with glioma cell 
lines revealed a consistent and reliable relation between EGFr 
activation and VEGF production; namely, EGF (1-20 

ng/ml) stimulation of glioma cells resulted in a 25-125% increase in 
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secretion of bioactive VEGF. Conditioned media (CM) prepared from 
EGF-stimulated glioma cell lines produced significant increases in 
cytosolic free intracellular concentrations of Ca2+ ([Ca2+]i) in human 
umbilical vein endothelial cells (HUVECs) . Neither EGF alone or CM from 
glioma cultures prepared in the absence of EGF induced [Ca2+]i increases 
in HUVECs. Preincubation of glioma CM with A4.6.1, a monoclonal 
antibody to VEGF, completely abolished VEGF-mediated [Ca2+]i 
transients in HUVECs. Likewise, induction by glioma-derived CM of von 
Willebrand factor release from HUVECs was completely blocked by A4.6.1 
pretreatment . These observations provide a key link in understanding the 
basic cellular pathophysiology of GBM tumor angiogenesis, increased 
vascular permeability, and cellular proliferation. Specifically, EGF 
activation of EGFr expressed on glioma cells leads to enhanced 
secretion of VEGF by glioma cells. VEGF released by glioma cells in situ 
most likely accounts for pathognomonic histopathologic and clinical 
features of GBM tumors in patients, including striking tumor 
angiogenesis , 

increased cerebral edema and hypercoagulability manifesting as focal 

tumor 

necrosis, deep vein thrombosis, or pulmonary embolism. 
CT Check Tags: Human; Support, Non-U. S. Gov't; Support, U.S. Gov't, P.H.S. 

Brain Neoplasms: BS, blood supply 

Brain Neoplasms: PA, pathology 

Brain Neoplasms: PP, ' physiopathology 
^Endothelial Growth Factors: BI, biosynthesis 
^Epidermal Growth Factor: PD, pharmacology 

Glioblastoma: BS, blood supply 

Glioblastoma: PA, pathology 

Glioblastoma: PP, physiopathology 
*Glioma: ME, metabolism 

Immunohistochemistry 
*Lymphokines : BI, biosynthesis 

Models, Biological 

Neovascularization, Pathologic : PP, physiopathology 
Receptor, Epidermal Growth Factor: ME, metabolism 
Tumor Cells, Cultured: DE, drug effects 
Tumor Cells, Cultured: ME, metabolism 
RN 62229-50-9 (Epidermal Growth Factor) 

CN EC 2.7.11.- (Receptor, Epidermal Growth Factor); 0 (vascular permeability 
factor); 0 (Endothelial Growth Factors); 0 ( Lymphokines ) 
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AB Hypervascularity, focal necrosis, persistent cerebral edema, and rapid 
cellular proliferation are key histopathol. features of glioblastoma 
multiforme (GBM) , the most common and malignant of human brain tumors 

By 

immunoperoxidase and immunofluorescence, we have definitively 
demonstrated 

the presence of vascular endothelial growth factor (VEGF) and 
epidermal growth factor receptor 

(EGFr) in five out of five human glioma cell lines (U-251MG, U-105MG, 
D-65MG, D-54MG, and CH-235MG) and in eight human GBM tumor surgical 
specimens. In vitro expts . with glioma cell lines revealed a consistent 
and reliable relation between EGFr activation and VEGF 
prodn.; namely, EGF (1-20 ng/mL) stimulation of glioma cells 
. resulted in a 25-125% increase in secretion of bioactive VEGF. 

Conditioned media (CM) prepd. from EGF-stimulated glioma cell lines 
produced significant increases in cytosolic free intracellular concns . of 
Ca2+ ([Ca2+]i) in human umbilical vein endothelial cells (HUVECs) . 
Neither EGF alone or CM from glioma cultures prepd. in the absence of EGF 
induced [Ca2+]i increases in HUVECs. Preincubation of glioma CM with 
A4.6.1, a monoclonal antibody to VEGF, completely abolished 
VEGF-mediated [Ca2+]i transients in HUVECs. Likewise, induction by 
glioma-derived CM of von Willebrand factor release from HUVECs was 
completely blocked by A4.6.1 pretreatment . These observations provide a 
key link in understanding the basic cellular pathophysiol . of GBM tumor 
angiogenesis, increased vascular permeability, and cellular 
proliferation. 

Specifically, EGF activation of EGFr expressed on glioma cells leads to 
enhanced secretion of VEGF by glioma cells. VEGF released by glioma 

cells 

in situ most likely accounts for pathognomonic histopathol. and clin. 
features of GBM tumors in patients, including striking tumor 
angiogenesis, 

increased cerebral edema and hypercoagulability manifesting as focal 

tumor 

necrosis, deep vein thrombosis, or pulmonary embolism. 
ST EGF receptor vascular growth factor glioblastoma 
IT Receptors 

RL: BIOL (Biological study) 

(epidermal growth factor, vascular 

endothelial growth factor formation stimulation by, in glioblastoma 
multiforme cells of humans) 
IT Neuroglia 

(neoplasm, glioblastoma multiforme, vascular endothelial growth factor 
formation in, epidermal growth factor 
receptor stimulation of, in human cells) 
IT 127464-60-2, Vascular endothelial growth factor 
RL: FORM (Formation, nonpreparative ) 

(formation of, by glioblastoma multiforme cells of humans, EGF 
receptor stimulation of) 
IT 7440-70-2, Calcium, biological studies 
RL: BIOL (Biological study) 

(influx of, in human umbilical vein endothelial cells, vascular 
endothelial growth factor stimulation of, glioblastoma multiforme 
pathogenesis in relation to) 
IT 62229-50-9, Epidermal growth factor 
RL: BIOL (Biological study) 

(receptors for, of glioblastoma multiforme cells of humans, 
vascular endothelial growth factor formation stimulation by) 
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AB Hypervascularity, focal necrosis, persistent cerebral edema, and rapid 
cellular proliferation are key histopathologic features of glioblastoma 
multiforme (GBM) , the most common and malignant of human brain tumors. By 
immunoperoxidase and immunofluorescence, we definitively have 

demonstrated 

the presence of vascular endothelial growth factor (VEGF) and 
epidermal growth factor receptor 

(EGFr) in five out of five human glioma cell lines (U-251MG, U-105MG, 
D-65MG, D-54MG, and CH-235MG) and in eight human GBM tumor surgical 
specimens. In vitro experiments with glioma cell lines revealed a 
consistent and reliable relation between EGFr activation and VEGF 
production; namely, EGF (1-20 ng/ml) stimulation of glioma cells 
resulted in a 25-125% increase in secretion of bioactive VEGF. 
Conditioned 

media (CM) prepared from EGF-stimulated glioma cell lines produced 
significant increases in cytosolic free intracellular concentrations of 
Ca2 + ([Ca2+]i) in human umbilical vein endothelial cells (HUVECs) . 
Neither 

EGF alone or CM from glioma cultures prepared in the absence of EGF 
induced [Ca2+]i increases in HUVECs. Preincubation of glioma CM with 
A4.6.1, a monoclonal antibody to VEGF, completely abolished 
VEGF-mediated [Ca2+]i transients in HUVECs. Likewise, induction by 
glioma-derived CM of von Willebrand factor release from HUVECs was 
completely blocked by A4 . 6 . 1 pretreatment . These observations -provide a 
key link in understanding the basic cellular pathophysiology of GBM tumor 
angiogenesis, increased vascular permeability, and cellular 
proliferation . 

Specifically, EGF activation of EGFr expressed on glioma cells leads to 
enhanced secretion of VEGF by glioma cells. VEGF released by glioma cells 
in situ most likely accounts for pathognomonic histopathologic and 
clinical features of GBM tumors in patients, including striking tumor 
angiogenesis, increased ^cerebral edema and hypercoagulability manifesting 
as focal tumor necrosis, deep vein thrombosis, or pulmonary embolism. 
CT Check Tags: Human; Support, Non-U. S. Gov't; Support, U.S. Gov't, P.H.S. 

Brain Neoplasms: BS, blood supply 

Brain Neoplasms: PA, pathology 

Brain Neoplasms: PP, physiopathology 
^Endothelial Growth Factors: BI, biosynthesis 
♦Epidermal Growth Factor: PD, pharmacology 

Glioblastoma: BS, blood supply 

Glioblastoma: PA, pathology 

Glioblastoma: PP, physiopathology 
*Glioma: ME, metabolism 

Immunohistochemistry 
*Lymphokines : BI, biosynthesis 

Models, Biological 

Neovascularization, Pathologic: PP, physiopathology 
Receptor, Epidermal Growth Factor: ME, metabolism 
Tumor Cells, Cultured: DE, drug effects 
Tumor Cells, Cultured: ME, metabolism 
RN 62229-50-9 (Epidermal Growth Factor) 
CN EC 2.7.11.- (Receptor, Epidermal Growth 

Factor); 0 (vascular permeability factor); 0 (Endothelial Growth 
Factors); 0 ( Lymphokines ) 
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Epidermal growth factor stimulates vascular 

endothelial growth factor production by human malignant glioma cells: A 
model of glioblastoma multiforme pathophysiology. 

Goldman, Corey K. (1); Kim, Jin; Wong, Wai-Lee; King, Vickie; Brock, 
Tommy; Gillespie, G. Yancey (1) 
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CS (1) Brain Tumor Res. Lab., Div. Neurosurg., Dep. Surg., Univ. Ala. 

Birmingham, Birmingham, AL 35294-0006 
SO Molecular Biology of the Cell, (1993) Vol. 4, No. 1, pp. 121-133. 

ISSN: 1059-1524. 
DT Article 
LA English 

AB Hypervascularity, focal necrosis, persistent cerebral edema, and rapid 
cellular proliferation are key histopathologic features of glioblastoma 
multiforme (GBM) , the most common and malignant of human brain tumors. By 
immunoperoxidase and immunofluorescence, we definitively have 

demonstrated 

the presence of vascular endothelial growth factor (VEGF) and 
epidermal growth factor receptor 

(EGFr) in five out of five human glioma cell lines (U-251MG, U-105MG, 
D-65MG, D-54MG, and CH-235MG) and in eight human GBM tumor surgical 
specimens. In vitro experiments with glioma cell -lines revealed a 
consistent and reliable relation between EGFr activation and VEGF 
production; namely, EGF (1-20 ng/ml) stimulation of glioma cells 
resulted in a 25-125% increase in secretion of bioactive VEGF . 
Conditioned 

media (CM) prepared from EGF-stimulated glioma cell lines produced 
significant increases in cytosolic free intracellular concentrations of 
Ca-2+ ((Ca-2+)-i) in human umbilical vein endothelial cells (HUVECs) . 
Neither EGF alone or CM from glioma cultures prepared in the absence of 
EGF induced (Ca-2+)-i increases in HUVECs. Preincubation of glioma CM 

with 

A4.6.1, a monoclonal antibody to VEGF, completely abolished 
VEGF-mediated (Ca-2+)-i transients in HUVECs. Likewise, induction by 
glioma-derived CM of von Willebrand factor release from HUVECs was 
completely blocked by A4.6.1 pretreatment . These observations' provide a 
key link in understanding the basic cellular pathophysiology of GBM tumor 
angiogenesis, increased vascular permeability, and cellular 
proliferation. 

Specifically, EGF activation of EGFr expressed on glioma cells leads to 
enhanced secretion of VEGF by glioma cells. VEGF released by glioma cells 
in situ most likely accounts for pathognomonic histopathologic and 
clinical features of GBM tumors in patients, including striking tumor 
angiogenesis, increased cerebral edema and hypercoagulability manifesting 
as focal tumor necrosis, deep vein thrombosis, or pulmonary embolism. 
CC Cytology and Cytochemistry - Human *02508 

Clinical Biochemistry; General Methods and Applications 10006 
Biochemical Studies - Proteins, Peptides and Amino Acids 10064 
Biochemical Studies - Minerals 10069 
Metabolism - Minerals *13010 

Metabolism - Proteins, Peptides and Amino Acids *13012 

Cardiovascular System - Blood Vessel Pathology *14508 

Blood, Blood-Forming Organs and Body Fluids - Blood, Lymphatic and 

Reticuloendothelial Pathologies *15006 

Endocrine System - General *17002 

Nervous System - Pathology *20506 

Neoplasms and Neoplastic Agents - Pathology; Clinical Aspects; Systemic 
Effects *24004 

Neoplasms and Neoplastic Agents - Neoplastic Cell Lines 24005 
Neoplasms and Neoplastic Agents - Biochemistry *24006 

BC Hominidae *86215 

IT Major Concepts 

Cardiovascular Medicine (Human Medicine, Medical Sciences); Cell 
Biology; Endocrine System {Chemical Coordination and Homeostasis); 
Hematology (Human Medicine, Medical Sciences); Metabolism; Neurology 
(Human Medicine, Medical Sciences); Oncology (Human Medicine, Medical 
Sciences ) 

IT Chemicals & Biochemicals 
CALCIUM ION 
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IT Miscellaneous Descriptors 

CALCIUM ION CONCENTRATION; CH-235MG CELL LINE; D-54MG CELL LINE; 

D-65MG 

CELL LINE; EMBOLISM; HYPERCOAGULABILITY; SURGICAL SPECIMENS; 
THROMBOSIS; TUMOR ANGIOGENESIS ; U-105MG CELL LINE; U-251MG CELL LINE 
ORGN Super Taxa 

Hominidae: Primates, Mammalia, Vertebrata, Chordata, Animalia 
ORGN Organism Name 

Hominidae (Hominidae) 
ORGN Organism Superterms 

animals; chordates; humans; mammals; primates; vertebrates 
RN 14127-61-8 (CALCIUM ION) 
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TI Vascular endothelial growth factor induces heparin-binding 

epidermal growth factor-like growth factor in 

vascular endothelial cells 
AU Arkonac B M (Reprint); Foster L.C; Sibinga N E S; Patterson C; Lai K H; 

Tsai J C; Lee M .E; Perrella M A; Haber E 
CS HARVARD UNIV, SCH PUBL HLTH, CARDIOVASC BIOL LAB, 67 7 HUNTINGTON AVE, 

BOSTON, MA 02115 (Reprint); KAOHSIUNG MED COLL, DEPT MED, KAOHSIUNG, 

TAIWAN; HARVARD UNIV, SCH MED, DEPT MED, BOSTON, MA 02115; BRIGHAM & 

WOMENS HOSP, DIV PULM, BOSTON, MA 02115; BRIGHAM & WOMENS HOSP, DIV 

CARDIOVASC, BOSTON, MA 02115 
CYA USA; TAIWAN 

SO JOURNAL OF BIOLOGICAL CHEMISTRY, (20 FEB 1998) Vol. 273, No. 8, pp 
4400-4405.' 

Publisher: AMER SOC BIOCHEMISTRY MOLECULAR BIOLOGY INC, 9650 ROCKVILLE 

PIKE, BETHESDA, MD 20814., 

ISSN: 0021-9258. 
DT Article; Journal 
FS LIFE 
LA English 

REC Reference Count: 50 

AB Although several cytokines and growth factors have been shown to 

regulate vascular endothelial growth factor (VEGF) 
production, little is known about how VEGF may regulate growth 
factors that have known mitogenic and chemotactic actions on mesenchymal 
cells (which are involved in the maturation of the angiogenic process). 

We 

investigated the effect of VEGF on heparin-binding epidermal 
growth factor-like growth factor (HB-EGF) expression in 

human umbilical vein endothelial cells. HB-EGF mRNA was induced by 8-fold 
after 2 h of VEGF stimulation, and it returned to base line within 6 h. 
VEGF did not alter the half-life of HB-EGF mRNA (55 min) . Nuclear run-on 
experiments showed a 4.9-fold increase in HB-EGF gene transcription 
within 

2 h of VEGF stimulation, and Western analysis demonstrated an' associated 
increase in cellular HB-EGF protein. We found that platelet-derived 
growth 

factor-BB (PDGF-BB) mRNA was also induced 3-fold after 5 h of VEGF 
stimulation, whereas neither endothelin 1 nor transforming growth 
factor-beta 1 was regulated by VEGF. Finally, conditioned medium from 
VEGF-stimulated endothelial cells produced an increase in DNA synthesis 

in 

vascular smooth muscle cells, and this effect was blocked by a 
neutralizing antibody to PDGF. The induction of HB-EGF an 
PDGF-BB expression in endothelial cells may represent the mechanism by 
which VEGF recruits mesenchymal cells to form the medial and adventitial 
layers of arterioles and venules during the course of angiogenesis . 
CC BIOCHEMISTRY & MOLECULAR . BIOLOGY 
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AB Hypervascularity, focal necrosis, persistent cerebral edema, and rapid 

cellular proliferation are key histopathologic features of. glioblastoma 
multiforme (GBM) , the most common and malignant of human brain tumors. By 
immunoperoxidase and immunofluorescence, we definitively have 

demonstrated 

the presence of vascular endothelial growth factor (VEGF) and 
epidermal growth factor receptor 

(EGFr) in five out of five human glioma cell lines (U-251MG, U-105MG, 
D-65MG, D-54MG, and CH-235MG) and in eight human GBM tumor surgical 
specimens. In vitro experiments with glioma cell lines revealed a 
consistent and reliable relation between EGFr activation and VEGF 
production; namely, EGF (1-20 ng/ml) stimulation of glioma cells 
resulted in a 25-125% increase in secretion of bioactive VEGF. 
Conditioned 

media (CM) prepared from EGF-stimulated glioma cell lines produced 
significant increases in cytosolic free intracellular- concentrations of 
Ca2 + ([Ca2+]i) in human umbilical vein endothelial cells (HUVECs) . 
Neither 

EGF alone or CM from glioma cultures prepared in the absence of EGF 
induced [Ca2+]i increases in HUVECs. Preincubation of glioma CM with 
A4.6.1, a .monoclonal antibody to VEGF, completely abolished 
VEGF-mediated [Ca2+]i transients in HUVECs. Likewise, induction by 
glioma-derived CM of von Willebrand factor release from HUVECs was 
completely blocked by A4 . 6 . 1 pretreatment . These observations provide a 
key link in understanding the basic cellular pathophysiology of GBM tumor 
angiogenesis, increased vascular permeability, and cellular 
proliferation. 

Specifically, EGF activation of EGFr expressed on glioma cells leads to 
enhanced secretion of VEGF by glioma cells. VEGF released by glioma cells 
in situ most likely accounts for pathognomonic histopathologic and 
clinical features of GBM tumors in patients, including striking tumor 
angiogenesis, increased cerebral edema and hypercoagulability manifesting 
as focal tumor necrosis, deep vein thrombosis, or pulmonary embolism. 
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AB Hypervascularity, focal necrosis, persistent cerebral edema, and rapid 
cellular proliferation are key histopathologic features of glioblastoma 
multiforme (GBM) , the most common and malignant of human brain tumors. By 
immunoperoxidase and immunofluorescence, we definitively have 

demonstrated 
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the presence of vascular endothelial growth factor (VEGF) and 
epidermal growth factor receptor 

(EGFr) in five out of five human glioma cell lines (U- 251MG, U-105MG, 
D-65MG, D-54MG, and CH-235MG) and in eight human GBM tumor surgical 
specimens. In vitro experiments with glioma cell lines revealed a 
consistent and reliable relation between EGFr activation and VEGF 
production; namely, EGF (1-20 ng/ml) stimulation of glioma cells 
resulted in a 25-125% increase in secretion of bioactive VEGF. 
Conditioned 

media (CM) prepared from EGF-stimulated glioma cell lines produced 
significant increases in cytosolic free intracellular concentrations of 
Ca2+ ([Ca2+](i)) in human umbilical vein endothelial cells (HUVECs) . 
Neither EGF alone or CM from glioma cultures prepared in the absence of 
EGF induced [Ca2+] (i) increases in HUVECs. Preincubation of glioma CM 

with 

A4.6.1, a monoclonal antibody to VEGF, completely abolished 
VEGF-mediated . [Ca2+] (i) transients in HUVECs. Likewise, induction by 
glioma-derived CM of von Willebrand factor release from HUVECs was 
completely blocked by A4 . 6 . 1 pretreatment . These observations provide a 
key link in understanding the basic cellular pathophysiology of GBM tumor 
angiogenesis, increased vascular permeability, and cellular 
proliferation. 

Specifically, EGF activation of EGFr expressed on glioma cells leads to 
enhanced secretion of VEGF by glioma cells. VEGF released by glioma cells 
in situ most likely accounts for pathognomonic histopathologic and 
clinical features of GBM tumors in patients, including striking tumor 
angiogenesis, increased cerebral edema and hypercoagulability manifesting 
as focal tumor necrosis, deep vein thrombosis, or pulmonary embolism. 
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